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INTRODUCTION

TeRus or Rerenerce
HOLCIM plans an expansion of their limestone and aggregate quarry at Poverty Point.

Norwest Corp was engaged by HOLCIM to investigate, evaluate, and report on the stability

of rock slopes in the quarry and to make recommendations for future mining. This report lists

sources of information, and based on the available data, describes local geology and geologic

structure, identifies discontinuity t5pes, rock mass characteristics, and hydrogeological

conditions. The report also presents preliminary slope stability assessment results and slope

desigrVmining method guidelines, provides conclusions and makes recommendations to

support and verif' the stability assessment and slope design. Additional geotechnical

information will need to be acquired before design guidelines are frnalized.

The site is located 35 miles west of Salt Lake City, Utah near the southwest shore of the

Great Salt Lake and at the north end of Skull Valley (see Figure 1.1). The existing quarry was

advanced from the southwest to the northeast, generally perpendicular to the strike and updip

of rock bedding. The highest point of the existing quarry wall is approximately 200' above

the quarry floor. The quarry floor is at 4580' and the top of the wall is at 4800'. A plan view

of the existing quarry and the proposed final quarry arcaappears as Figure 1.2. The small

summit behind the quarry wall to the northeast has a maximum elevation of 4920'. The

quarry has been inactive for several years.

',.2 PoveRry Pour Sounces oF INFoRMATToN

Information used to describe quarry slope conditions and make design recommendations was

gathered from sources including:

Geologic logs for DH-06-01, DH-06-02, DH-06-03, and DH-06-04 as logged by Tom
Newman, February 2006 (Appendix A).

Geotechnical Rock Core Logs for DH-06-02, DH-06-03, and DH-06-04 as logged by
Eric Martin, February 2006 (Appendix A).

Digital photos of core collected at DH-06-02, DH-06-03, and DH-06-04 (see

Appendix B)

d) Plan view of Poverly Point Quarry as provided by HOLCM.

e) Geologic cross-sections A-A', B-B', C-C' showing the interpreted geology in the

area as provided by HOLCIM (Appendix C).

POVERIT POTNT LTMESTONE QUARRY STABILITY ASSESSMENT & DESIGN / 06-2883
HOLCTM (US) lNc.
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0 June 2005 site visit by Gary Stubblefield, Norwest Corp, Salt Lake City with digital
photos and quarry description (Appendix D).

g) United States Geological Survey data on precipitation amounts and haditional
groundwater levels in the area.

Laboratory testing of representative core samples including point load and
unconfined compressive sfrength tests (Appendix E).

Rock mass classification of strata based on geotechnical core logs.

Qulnnv DevelopuENT AND Mttrur,rc OpeRartous
A final quarry development plan has not been completed; however Norwest understands that

the current plan would involve expanding the quarry to advance the pit to the 4920' elevation

north of the existing quarry. Mine operators plan to begin mining the existing quarry from the

northeast, removing the overlying talus, and advancing southwest, downslope and downdip,

mining high purity limestone as ore and underlying siliceous limestone for aggregate.

The operation will also include external waste rock dumps, a crushing plant, and associated

infrastructure.

It is assumed that, mining will take place using truck and loaderlexcavator methods. Drilling

and blasting will be carried out to achieve suitable fragmentation. The topography of the

quarry area and the quarry configuration allows for access into the quarry beginning at the

4920' elevatron and advancing with a maximum highwall defined by the height of each lift

(20-50'). There will be no final highwall, as the operation will effectively start at the highest

point of the existing topography and work downslope, mining along footwall bedding. An

endwall will develop on the northwest end of the quarry. Benching of the footwall may be

unnecessary, dependent upon ultimate quarry depths and extents defined by HOLCIM.

I
I
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2.1

GENERAL GEOLOGY

PoveRrv PotNT SrRencRlpnv

Rock units in the area are as follows:

Great Blue Formation Limestone - Limestone is the predominant rock type at the
quarry. HOLCIM geologists have firther defined limestone rock units (based upon
chemistry) as either high purity or siliceous. A1l limestone has origins in the Upper
and Middle Pennsylvanian (Palaeozoic Belt Supergroup) shallow marine sediments.
Limestone beds have thicknesses varying from 5'-75'. Limestones are fine to
medium grain, competent rock with medium to dark gey coloration, calcite healed
fractures, some chert bands, minor clay partings, styolites and fossils. kon staining is
also common.

Great Blue Formation Sandstone - A thin sandstone unit (10') underlies limestone
units. Origin is in Upper and Middle Pennsylvanian Palaeozoic Belt Supergroup.

o Cemented Talus - A thick talus unit (20'-75') overlies the limestone in most areas.
This unit is composed of well cemented (recemanted) Lake Bonneville cobbles and
limestone fragments and is commonly identified as a weak conglomerate.

o The surficial material is Quaternary age alluvial deposits of sand and gravel, which
overlie the limestone beds at the toe of the existing pit.

A cross-sectional view of quarry stratigraphy developed by HOLCM geologists and based
upon geochemisfty appears as Figure 2.1.T\e cross-section is also shown in plan view on
Fisure 1.2.

PoveRry Porrur SrRucrune
The sffuctural geology of the Poverty Point area exhibits gently sloping (19-35") bedded rock
units, dipping out of the existing quarry face. Beds sffike from N90W to N45W. Bedding
planes are daylighted in quarry walls which have overall wall angles up to 35'.

Two fault zones are identified in close proximity to the quarry on plan views provided to
Norwest by HOLCIM. One fault passes through the northwest wall of the proposed quarry
expansion and strikes N30E, and the other is immediately southeast of the proposed quarry
wall and strikes N408. Field investigators also identified and photographed a fault zone

PoVERTY PoINT LIMESToNE QUARRY STABILIW ASSESSMENT & DESIGN / 06-2883
HOLCIM (US) lNc.
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passing through the middle of the exisfing quarry. Additional faults are identified both
southeast and northwest of the quzrry, which have strike orientations ranging from N30E to
N5OE.

Rock units are generally competent with few throughgoing structures. Discontinuities
identified within drill logs were charactenzed as planar with both rough and smooth surfaces
and calcite infilling. kon oxide staining was also observed. Fractures were mapped with
orientations of N22E, N33E andN40W.

Location of faults and orientation mapping of bedded rock units are shown in plan view in
Figtre2.2.

During initial start-up efforts at the Poverty Point Quarry, additional geotechnical

investigation and analysis should be completed to further identift and describe discontinuities
(oint orientations, infilling, presence and character of faulting etc.) and to account for their
potential effect on slope stability.

PovERw PoINT LIMESToNE QUARRY STABILIW ASSESSMENT & DESIGN / 06.2883
HOLCIM (US) lNc.
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3 ENGINEERING GEOLOGY

This report section describes the engineering geology of the Poverty Point Quarry. In particular, it

includes a discussion of the rock joint characteristics and a presentation of the measured and

calculated rock mass properties as means for estimating shear strength.

Rational design in bedded slopes is best carried out by assigning engineering properties according to

various mappable lithological units. Thus the three main lithologies in the area, limestone, sandstone,

and talus (conglomerate) form useful groupings for engineering purposes even though fairly wide

variations and gradations can occur within and between these different lithologies.

I

I
I
I
I
I
I

3.'l Rocx Jolrur GHlnncreRrslcs

3.1.1 Bedding Joints

Single bedding joints within mappable rock units t1pical1y are very persistent,

extending for several hundred feet with spacing varying from 1-10'. Due to flexural

slip, polished and slickensided bedding surfaces may be common at lithological

contacts. It is expected that the spacing, strength, and persistence of bedding will be

the major controlling factor for footwall quarry slope stability, in the absence of

adversely oriented faulting.

The shear skength of bedding joints is best assessed by considering the weakest

bedding planes, as these will control the stability of slopes. Lr the absence of site

specific data, bedding friction angles were based upon typical values for each rock

I
I
I
I
t
t
I

fype (see Table 1) for use in preliminary stability evaluation. Site specific values qi-
should be confirmed as ooerations restart.

TneuE 1
DESTGN Beoorrue FRrcloN Arueles

PovERw POTNT LTMESTONE QUARRY STABILTW ASSESSMENT & DESIGN / 06.2883
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Bedding Unit Friction Angle*

Limestone 30'

Talus (Conglomerate) 30"

Sandstone 25"
*Estimated from Hoek and Bray, 1981
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3.1.2 Gross Joints

Minor cross joints have been identified in the existing Poverly Point Quarry face, but

systematic mapping has not been carried out, so the degree of orientation scatter and

frequency of subsets is not known. Core logging and photos indicate that cross joints

are uncommon, but do occur perpendicular to bedding at spacing of 1-20' and are

relatively discontinuous. Cross joints are not confined to individual bedding units.

Extensive mapping of sfiuctural orientations has not been carried out and bench face

strucflre mapping should be undertaken during mining to verify and support design

assumptions.

3.1.3 Faults and Shears

Current geological data and interpretation has identified two fault structures which

could be mined out and should therefore not influence overall final slope stability. A

third fault may be exposed in the existing pit face. No thrust fault or other shear-type

skuctures have been identified. It is likely that some minor structures will occur as

mining progresses which may affect overall pit wall stability. Ongoing mapping

during operations is necessary to detect adverse structures, and measures for

managing resulting slope issues need to be included in the operational plan.

3.2 Rocx Mlss GnRRlcreRrsrcs
Rock mass properties were determined from drill hole cores taken from the February 2006

drilling program. Figure 3.1 shows dril1 hole locations. Representative core samples were

chosen for point load and unconfined compression testing. Results are shown in Table 2.

Point load and unconfined compression test results fall within the range of generally accepted

values for similar rock types.

TABLE 2

SUMMARv oF LABoRAToRy STRENGTH TESING REsuLTs

*Adapted from Lama and Vutukuri, 1978
"*Hoek and Bray, 1981

PoVERT PoINT L|MESToNE QUARRY STABILITY ASSESSMENT & DESIGN / 06-2883
HOLCIM (US) lNc.

3'2

Rock Type

Point Load (Tensile)
Strength (MPa)

Unconfined Gompressive
Strength (MPa)

Range of Typical Values
(MPa)

Max Min Average Max Min Average Point Load* UCS*"

Limestone 1 1 . 4 4.2 7.9 125.8 53.0 84.0 4 . 0 - 1 1 . 0 50-1 00
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Rock mass rating (RI\,m.) classifications for rock units were developed using test data from
Table2 and geotechnical core logging data (Rock Qualrty Designation (RQD), joint spacing,
and joint condition) from drillholes in the existing quarry area. The RMR system provides a
means for estimating rock mass shear strengths (Iloelg 1994). For the purpose of calculating
RMR, water conditions were estimated as damp. RMR results are stunma,/:zrd in Table 3.
RMR calculation results are provided in Appendix F.

Tlale 3
SuuunnY oF RocK MAss RAilNG CALcULAnoN RESULTS

Rock Type
Rock Mass Rating RMR System

Descrlptlon
Max Min Average

Limestone 77 30 55 Fair Rock

Unconfined compressive strength (UCS) values indicate that the limestone which comprises
the majority of the quarry wall is moderately strong rock and the RMR system confirms this
impression based upon point load, core data, and field observations.

The data from Tables 2 and 3 were used to generate rock mass stength parameters using
guidelines set forth by Hoek (1994). Mi values (a constant which defines the relationship
between principal stresses at the failure point for a given rock) were estimated from a
standardized table (Hoek and Karanlovic, 2000). Shear strength envelopes were generated for
the limestone rock units within the quarry walls. Shear envelopes were generated using
disturbance factors of 0 and 1. Disturbance factors of 0 correlate to rock masses with no
significant seismic impacts affecting their stnrctural integrity. Disturbance factors of 1
correlate to rock masses exposed to some seismic impacts (such as that generated by drilling
and blasting). Table 4 shows the values used to generate rock mass shear strength envelopes,
which in tum are used to characterize rock mass strengths for stability analysis. Shear
strength envelope data and curves appear in Appendix G of this report.

TABLE 4
RocK MAss Srnenorn PRopERnEs FoR SrABtltwAnalysts

Rock Type RMR MI UCS (MPa)

Limestone 55 I 80

PovERTy PorNr Lruesrone QulRRy SrABtuw ASSESSMENT & DEstcN / 06.2883
HOLCTM (US) INc.
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Additional investigation and analyses are required to characteriz.e the rock mass strengths for
the other rock units (sandstone and taluVconglomerate). Dri[ing n 2006 did not intersect
either of these units, either due to drill hole location or drillhole depth. Future investigations
should be designed to target these rock units, drill to the elevation of the ultimate quarry
floor, complete geologic and geotecbnical logs, and obtain and test samples of rock core.

HvoRoceoLocY
Limils4 hydrogeologic data is available for the Poverty Point Quarry; however some
qualitative field information can be evaluated and compared to knowledge of groundwater
conditions at monitoring sites in similar strata with similar climatological conditions.

The quarry is located on the westem edge of the Great Salt Lake Desert with average annual
precipitation of 10" (United States Geological Survey). Higher elevations above the quarry
may receive as much as 15" annually.

As bedding in the area dips to the southwest, into the existing quarry and away from the
planned expansion, water inflow should move out of the miningarca through natural se€,page
and outflow. It is likely all rock units have low hydraulic conductivity, however, flow along
bedding planes or discontinuities may be higher. A minor seep was identified on the upper
portion of the pit face and small accumulations of water were also noted at the base of the
quarry.

Water is not expected to play a critical role in determination of slope stability, as quarry
conditions are generally dry. As average groundwater levels have not been reliably
established, if future investigations identiff water behind pit slopes, its effect upon the
integrity of rock units should be accounted for in stability assessment.

POVERW PoINT UrresToIe QUIRRY STABILIW ASSES8MENT & DESGN, O&28E3
HoLCIM (US) lNc.
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SLOPE STABILITY ASSESSMENT

This portion of the report discusses potential failure modes and provides stability assessments for
existing quarry slopes, and proposed footwall and endwall slopes. This assessment assumes that, no
bench faces, other than the working face, will be developed on footwall slopes.

4.2

ExrsrrHc QuenRv

Quarrying was carried out at Poverly Point prior to the planned expansion addressed in this

report. The previous operation developed a quarry advancing from the southwest to the

northeast. Rock unit bedding planes strike perpendicular to the direction of mine advance and

dip 20-35" southwest. Mining daylighted a number of large bedding planes varying in

thickness from 1-50'. These rock units are now retained solely by frictional force and bedding

roughness. As it is assumed that the friction angle of bedding units is 30o, in areas where the

bedding angles approach 30o, slopes could be at or near a factor of safety (FOS) of 1.0. It is

understood that HOLCIM geologists have identified tension cracks above and behind the

highwall, which confirms that these slopes are quasi-stable.

Foorwnlu Slope

4.2.1 Potential Failure Mechanisms
There are four primary failure modes that fypically govern the design of bedded footwall

slopes:

Planar slab failure - Daylighted failure planes in steep footwall slopes are obvious
stability problems. The existing quary is a prime example of this failure mode, ur 

? _
daylighted bedded units have become unstable and tension cracks have beey'
identified near the crest of the quarry.

Bilinear slab failure - In the absence of daylighted bedding planes, this is the primary
failure mechanism considered for stability analyses of the footwall. This mechanism
involves sliding parallel to bedding in combination with sliding along a secondary
surface dipping out of the slope (Dawson and Barron, 1989). The secondary surface
may be a persistent discontinuity surface or, if unfavourably oriented discontinuities
are not present, a shear zone (slip surface) developed through the rock mass.

3. Ploughing slab failure - Based on the geologic structure of the quarry, this failure
mode is unlikely to occur. No thrust structures that should lead to ploughing were
identified at the Poverfy Point Quarry.

PoVERTY PoINT LIMESToNE QuInnv STABILITY ASSESSMENT & DESIGN / 06.2883
HOLCIM (US) lNc.
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4. Buckling failure - no contributing factors such as high axial pressures, large
curvatures in bedding, or high water pressures wene identifred. These conditions
could be present and slope stability assessments should monitor for them.

4.2,2 Assessment
The unbenched footwall slopes are to be developed on comFetent rock units
(RMR>55), at relatively low angles, and in the absence of daylighting planes of
weakness, it is expected that the full height of the quarry footwall may be developed
unbenched (up to a maximum wall height of 300'). Measures for controlling the
unbenched slopes are discussed in Sections 5 and 6.

Bilinear slab failures have been identified as the primary failure mode in the footwall.
Based on cunent information. variables which may contribute to bilinear failure
include:

o slab thickness,
o slab height,
. ground water pressure,
o bedding angle, and
o critical slope angle.

All of these variables were incorporated into the slope stability analysis to determine
factors of safety for quarry slopes to bilinear planar failure. SlopeAM software was
used with fully defined slip surfacas fe mimis critical bilinear slab geometries. This
software uses the method of slices to calculate the limit equilibrium factor of safety,
effectively comparing driving forces to resisting forces. A range of angles for slip
surfaces (failure planes) through the rock mass toe were applied. An example of this
modeling is shown in Figure 4.1. SlopeAM plots appear as Appendix H.

Slope/lV analysis was conducted to identiff the maximum height of quarry slopes for
bedding angles ranglng from 20-35" while maintaining 4 minimum factor of safety of
1.2. A plot of the results is included in Figure 4.1. Results are also reported in Table
5 .

POVERTY PoINT LIMESToNE QUARRY STABILITY ASSESSMENT & DES|GN / 06.2883
HOLCIM (US) lNc.
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TABLE 5
Mnl<tMUM Ur{seircxeo FoorwALL Hersxrs @ FOS 1.2

Bedding
Angle

Footwall
Heisht (ft)

20" 2600

25" 1450

30' 740

35" 485

Results of this initial analysis determined that for the range of bedding angles
identified at Poverty Point, footwall slopes may be developed to heights exceeclitrg
400' while pafulaining a factor of safety of 1.2.

SlopeAM analysis was conducted to identiry factors of safety for a range of bedding
angles (dip of inclined beds was varied from 20-35") and a range of slope heights. A
sensitivity analysis was also conducted to determine the effect of blast damage (FOS
for Disturbed Limestone). Table 6 shows analyses results with FOS for the range of
slope/bedding angles, and for undisturbed and disturbed conditions. All wall heights
were modeled at 300' with no eround water table.

Taeue 6
Utaercxeo FoorwALL Fecrons or Snrew

Beddlng
Angle

Undisturbed
Limestone FOS

Disturbed
Limestone FOS

20" 4.56 2.63

25" 3.42 1.96

30" 2.83 1.64

35" 2 .10 1.22

As the high factors of safety indicate, the limestone units behave as competent rock
when subjected to stability analysis. Bedding angles up to 35o, with the footwall in
limestone disturbed by blasting, 300' slope heights, and dry conditions will support
unbenched footwall slopes. It is reasonable to assume that mine operators should be
able to develop the mine from the northeast quarry rim, along unbenched footwall to
the bottom of the existing quarry.

PovERw PoINT LIMESToNE QUARRY STABILIW ASSESSMENT & DEsrcN / 06-2883
HOLCIM (US) lNc.
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Other small-scale slope stability events such as rock ravelling may occur on footwall
slopes and should be controlled by operational practices including wall scaling,
berming, toe cleanup, trenching, and catch fences as needed.

Exoweu Slopes
The configuration of the Poverty Point Quarry is expected to produce endwalls formed at one
or both ends of the quarry. The endwall slopes are relatively narrow and will cut almost
perpendicular to the bedding strike, while bedding dips across the endwall. As a result,
significant instabilities are unlikely to occur in these areas. As mining progresses, be,nch face
mapping should be carried out to identifu potential for planar, wedge, or toppling failures and
to provide additional data for geotechnical evaluation. If mining were to advance southwest,
while altemately expanding the extent of the working pit face to the northwest and southeast,
the development of endwall slopes could be limited. Ultimately, some endwall slope area will
be developed in the northwest quarry. Bench heights should be matched to equipment
capabilities and regulation berm widths.

POVERTY PotNT LIMESToNE QUARRY STABILITY ASSESSMENT & DESIGN / O&2EE3
HOLCIM (US)lNc.
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5.1

PRELIMINARY DESIGN GUIDELINES

This section provides preliminary design guidelines for mining method and slope designs of the
Poverty Point Quarry.

MrnrHc Mernoo On Foorwell Suopes
Figure 5.1 shows the recommended mining method and footwall design. For footwall slopes
the following preliminary design guidelines apply:

Mining is advanced starting at approximate 4920' elevation and moving downslope
using 20-50' lifts. Lift size will be dictated by the size of loading equipment used.
The general direction of mining is from the northeast to the southwest.

Footwall slopes are developed parallel to bedding to minimize waste extraction and
prevent undercutting and daylighting potentially unstable sffata. Overall slope angle
varies with bench face angle (20-35').

The footwall follows competent sffata (sandstone or limestone unit) for the maximum
height allowable (up to 300' for 35o bedding angles). .

If bench face mapping identifies significant discontinuities which could contribute to
slope instability, benching will be carried out to comply with equipment capabilities.
Site specific design widths should be developed but for initial purposes, the general
guideline for bench widths as supplied by the SME Mining Engineering Handbook is
as follows:

Mininum bench width(ft) = 4.5(ft) + 0.2 x bench height(ft)

A minimum 4ft high berm should be placed on the edge of each bench.

Additional comments:

It is expectedthat the Poverty Point Quarry slopes will be dry. If significant water
(saturated rock or flowing water) is encountered as mining progresses, additional
investigation and remediation should be considered.

Blast designs are carried out to maintain setback distance from the footwall to limit
damage and maintain a continuous bedding plane. Buffer blasting or trim blasting
should be considered along trim rows to limit blast damage.

PovERw PorNT LrMEsroNE Qulnnv SrlELrw ASSESSMENT & Desrcru / 06-2883
HOLCTM (US) rNc.
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Enowrul Slopes
As endwall slopes are developed, the following preliminary design guidelines are
recommended:

Endwall slopes are developed in accordance with equipment capabilities. Bench face

angle is determined by bench face pit mapping and subsequent slope analysis.

Width of catchment benches for initial design follows general guidelines for bench

widths as supplied by the SME Mining Engineering Handbook:

Minimum bench width(ft) = 4.5(ft) + 0.2 x bench height(ft)

A minimum 4ft high berm should be placed on the edge of each bench. Bench face

pit mapping and subsequent slope analysis may necessitate increasing bench widths

to provide for bench scale wedge or toppling failures.

For overburden and weathered rock slopes, all unconsolidated material shall be

sloped to an angle less than the angle of natural repose. In the case of the weathered

rock at the Poverly Point Quarry, all bench face angles shall be sloped to <45o.

Blast designs are carried out to maintain bench face angle. Buffer blasting or trim

blasting is carried out along trim rows to limit blast damage.

5.2

PovERry PoINT LIMESToNE Quennv STAaILITY ASSESSMENT & DESIGN / 06.2883
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6.1

GO N C L U SI ON S/RECOM M E N DATI ON S

This report section presents conclusions and recommendations for slope stability at the Poverty Point

Quarry. Unless otherwise specifred in this report and until superseded by additional slope stability
assessment, all operations should be carried out in compliance with MSHA 30CFR Standards.

Gottcl-ustotts
Having evaluated existing geotechnical information for the Poverty Point Quarry, the
followine conclusions are reached:

The practice of mining updip of bedding units dipping at or near bedding unit friction

angles is technically challenging and increases the potential for wall instability. This

practice requires detailed investigation of rock strength properties, extensive slope

monitoring, and periodic remediation to limit the potential for slope failure.

The previous mining method at the Poverty Point Quarry daylighted bedding urits

dipping into the quarry and contributed to quasi-stable conditions.

Additional geotechnical investigation should be completed prior to mine start-up to

veriff design assumptions, define additional geotechnical parameters (see section

6.2) and complete a thorough assessment of slope stability at the Poverty Point

Quarry.
Based upon current knowledge of geotechnical parameters at Poverly Point, the

quarry may be developed on unbenched footwall slopes and benched endwalls with

mining proceeding downslope and downdip of bedding from the northeast to the

southwest.

RecouluenDATIoNs

These recommendations are made to support and verifu preliminary design guidelines and to
complete the assessment of quarry slope stability:

1 . The previous practice of mining updip should be discontinued. Altemative mining

methods are available to HOLCIM operators and should be adopted.

Due to the presence of daylighted beds, drpping near or at friction angles, and tension

cracls indicating slope movement, the existing quarry floor should be maintained as

a restricted access site, signage installed and the area bermed off to prevent access by

personnel or mine equipment.

Additional geotechnical investigation should be completed, including:

6.2

3 .

PovERTr POINT LIMESToNE QUARRY STABILIW ASSESSMENT & DESGN / 06-2883
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4.

a) Geotechnical core drilling- 2 vertical holes targeted to capture the full extent of

footwall strata - the first hole from 4900' to 4600' at the saddle between the east

and west knobs, and the second from 5000' on the crest of the west ridge to the

4600' elevation (see Figure 6.1). Depth to water should be identified at each hole.

b) Quarry bench face structure mapping - mapping of strikes, dips, persistence,

aperture, surface roughness, water/flow, and other observed structural features.

c) Point load and unconfined compressive strength testing of samples from

geotechnical core drilling.

d) Direct shear testing of samples from geotechnical core drilling to identiff friction

angles.

e) Further site investigation - geologic mapping of surface outcrops, identification

of hydrogeologic featwes (seeps, springs, streams).

A slope maintenance and monitoring plan should be developed to define procedures

which provide for operations, maintenance, and surveillance of quarry slopes. The plan

should address cleaning and/or clearing pit walls and benches, construction of catch

berms or ffenches where necessary, restricted access provisions, and active mitigation of

pit walls. The monitoring section should include slope audit procedures, bench face

mapping procedures, emergency preparedness plans, and survey slope monitoring. The

plan should also include a basic water management plan with descriptions of water

audits, identification of water sources, any necessary construction and maintenance of

surface run-off diversion measures, filling and grading of tension cracks to minimize

water inflow and other mitigation.

A controlled blasting plan should be developed to minimize damage to the quarry walls.

The plan should include blast audits, fragmentation requirements, contingancy plans for

overblasting, blasthole parameters, measures to monitor and control hole quality, timing

sequence, powder factors and kilocalories per ton, stemming, decking, vibration

monitoring and confol for vibration frequency and shot duration. Alternate plans for

blasts adjacent to final walls should be included.

5 .

PoVERw PoINT LIMESToNE QuInnv STABILITY ASSESSMENT & DESIGN / 06.2883
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APPENDIX A

Drill Hole Logs
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h.fclRwtsT
CORPORATION

MEMORANDUM

TO: MIKETOELLE

F.ROM: GARY M. STUBBLEFIELD

SUBJECT: POVERTY POINT SITE INSPECTION

DATE: JIJNE 9, 2005

JOB #: 05-3213

CC: KIRK WEBE& KEN GEORGE, LANCE STEPHENS

Dear Mike,

I met Paul Johnson and Brian Ward at Rowley junction west of Salt Lake City at 9:30am,
and followed them to the Poverty Point Quarry, ariving approximately 10:00am. There
was no mining activity, nor equipment at the Quarry. Brian provided some maps of the
quarry and we briefly discussed the activities I would be conducting on this inspection.
Paul and Brian then departed to return to the Devil's Slide Quarry.

Over the next two hours I walked throughout the quarry taking photos, measuring
bedding plane dips, looking for joint patterns, faults and weak zones. My observations are
as follows:

r The quarry has had considerable previous mining activity, evidenced by the existence
of several (5 to 6) benches from the pit floor at the 4550 ft. elevation, to a saddle near
the top of the mountain at the 4850 ft. elevation. It appears the pit was developed
from the bottom up, leaving a nearly 300-foot highwall on the north end. The rock
appeared to be competent, but exhibited jointing patterns (see photo 36). These joints
had thin calcite deposits and were oriented N22T in one location, and N33oE and
N40oW in another location (see photo 43)

. Beds dip to the south at25 to 35 degrees into the quarry. It appears that the quarry
was opened on the south and developed to the north. This left the south end day-
lighted to the natural terrain, while the north pit wall rises about 300 hundred feet to
the upper reaches of the mountain. I observed a couple of vertical joints that had been
in-filled with calcite deposits and a thin (1 inch) layer of sandy clay beneath a thick
limestone layer (photo 42).I observed only one small area of possible faulting (photo
37).

136 Erst South Templg 12o Floor, Sdt Loke City, UT t4lll
Tel: (E01) 539-0044, USA: (E00) 26G6351, Frx: (t0l) 539-0055



' Near the upper reaches of the quarry,I observed cobblestone, rounded by wave action
along the ancient Lake Bonneville shoreline. There was one wet area on the highwall
associated with alluvial material overlying the limestone (photo 44). This could
potentially weaken the immediate tey but did not seem to impact the broader
highwall.

. The north pit wall appeared ragged, i.e., a few overhanging rocks and a jagged face
(Photos 33 and 4I).I did not observe any actual slope failures, but the joint pattern
coupled with the south dipping beds suggest that slope failures could occur if the
quarry wall is advanced further northward without un-weighting from the top.

. There was evidence of blasting at the quarry (nonel blasting cord and spent surface
delays), which is to be expected. Blasting practices can contribute to slope instability
and this should be investigated to determine if improvements could be made.

I will send the photos along with this inspection report to our geotechnical group in
Vancouver for their review. From this initial inspection and observations, Norwest will
prepare our proposal to conduct a proper geotechnical assessment of the Poverty Point
Quarry, including recommendations for improving pit wall stability. We should have this
proposal completed by mid-next week.

Sincerely,

Gary Stubblefield, P.E.
Vice President

NonWEsT
G O R P O R A T I O H
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APPENDIX E

Load Tests
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PROJECT:
LOCATION:
SAMPLED BY:
AUTHORIZED BY:
NOM. M$( SIZE AGGREG:
CONTRACTOR:
SUPPLIER:
MATERIAL:

Nonrest Corporation

AS RECEIVED

UNCONFINED COMPRESSION - ROCK CORES
ASTM D2938

LAB NO.

DATE TESTED

AGE (DAYS)

t z J 4 5

3/1/06 3t1t06 3/1/06 3/1106 03/010/6

LENGTH RECETVED (tN)

LENGTH BEFORE CAP (tNl

LENGTH AFTER CAP (IN) 3.6

DTAMETER {tN) 1.80

AREA (tN^2! 2.54

LOAD (LBS.) 19.s70

STRESS (PSt) 7,691

uD 2.00

CoRRECTEO STRESS (PSt) 7,690

NOTE:

LOCATION: 5585-1,3213 Hote 06.03. 25, -26,
5585-2,3213 Hofe 06.02, 197.S,
5585-3, 3213 Hote 06.02, 26J$
558il. 3213 Hote 06.04, 3S.2.
55855, 3213 Hote 06,03, 70.3'

3.6 3.6

1.80 1.80

2.54 2.54

29,480 46,450

11,585 19,2il

2.04 2.00

11,590 1E,250

3.6 3.6

1.E0 1.80

2.54 2.54

29,760 33,570

11,703 13,192

2.00 2.00

11,700 13,190

ame€
JOB NO: 6819-002650
WORK ORDER NO: T5585
DATE PLACED:
DATE TESTED:
DATE REG'D:
PSt @ 28 DAYS:
PRODUCTGODE:

Reviewed By:



PROJECT:
LOCATION:
SAMPLED BY:
AUTHORIZED 8Y:
NOM. MN( SIZE AGGREG:
GONTRACTOR:
SUPPLIER:
MATERIAL:

Norwest Corporatiorn

AS RECEIVED

3.6 3.6

1.80 1.80

2.U 2.54

31,220 21,790

12,269 8,559

2.00 2.@

6 7 E 9 1 0

3/1/06 3/1/06 3/1t06 3/1/06 03/010/6

3.6 3.6

1.80 1.80

2.54 z.il

26,990 41,130

10,606 16,163

2.00 2.00

JOB NO:
WORK ORDER NO;
DATE PLACED:
DATE TESTED:
DATE REC'D:
PSr @ 28 DAYS:
PRODUCT GODE:

3.6

1.80

2,54

25,2W

9,93E

2.00

amep
ffi19-002650
T5585

UNCONFINEO COMPRESSION . ROCK CORES
ASTM 02938

LAB NO.

DATE TESTED

AGE (DAYS)

LENGTH RECETVED 0N)

LENGTH BEFORE CAP (tNl

LENGTH AFTER CAP (tN)

otAMETER (tN)

AREA (tN^z)

LOAD (LBS.)

STRESS (PSt)

L/D

CoRRECTEO STRESS (PSt) 12,270 9.560 10,610 16,160 9,940

NOTE:

LOGATION: 5585-6,3213 Hote 06.02, 121.0,
5585-7.3213 Hote 06.03, 48.s
5585-8, 3213 Hote 06.04, 167.0'
5585-9, 3213 Hote 06.04, 183,
5585-10, 3213 Hole 06.02. T4'

Reviewed By:



amed
6-E19-002650
T5585

PROJECT:
LOCATION:
SATTIPLED BY:
AUTHORIZED BY:
NOM. MN( SIZE AGGREG:
CONTRAGTOR:
SUPPLIER:
MATERIAL:

Nonrvest Corporation

AS RECEIVED

JOB NO:
WORK ORDER NO:
DATE PLAGED:
DATE TESTED:
DATE REC'D:
PSt @ 28 DAYS:
PRODUGTCODE:

UNCONFINED COMPRESSION . ROCK CORES
ASTtr DZg38

LAB NO.

DATE TESTED

AGE (DAYS)

LENGTH RECETVED (tN)

LENGTH BEFORE CAP (rN)

LENGTH AFTER CAP {tN}

DTAMETER (tN)

AREA (tN^2)

LOAD (LBS.)

srREss (Pst)

UD

1 1

3/1/06

3.6

1.80

2.54

35,820

14,076

2.00

GoRRECTED STRESS (PSt) 14.080

NOTE:

LOCATION: 5585-11, 3213 Hote 06.04, S9.2,

Reviewed By:
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APPENDIX F

Rock Strength Data
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